proposals to study both male and female subjects unless exclusion of one sex can be justified. The data reported by Clemens et al. could be used to justify future exclusion of females. However, it should be appreciated that in a recent survey of numerous behavioral and physiological measures, female subjects often showed equal or less variable data than male subjects [11, 12] . Indeed, with respect to gonadal hormones, males too can exhibit significant variability, albeit at time scales different from females. In males, testosterone is released from the testes in periodic, high amplitude pulses that vary on ultradian and circadian schedules [13, 14] and can be elicited in response to social and conditioned cues [15, 16] . Thus, the mechanisms that Clemens et al. implicate in the periodic hormonal regulation of somatosensory cortex could be present in males as well, but would likely be regulated by a different set of cues.
We believe, contrary to the classic reasoning, that sex differences in the circulating hormonal milieu should be a motivating factor rather than a deterrent in including both sexes in biomedical research. Therefore, studies in males and females that build on those of Clemens et al. [3] , as well as a recent study from our own group [5] , will be critical to understand the full scope of work performed by gonadal hormones in the neocortex. 4 Animals modulate their behavior by interacting with others. Nevertheless, popular theories of vocal learning frequently overlook the role of ongoing social interactions. New research suggests that a social feedback loop between young male zebra finches and adult females guides the process of song learning.
Speech development is a remarkable learning process. A baby initially only produces crying, cooing, or fussing sounds, but will after a few months start to produce adult-like sounds and eventually learn to speak. How can we explain these transitions? The traditional theory of speech learning goes as follows. Initially, the infant listens repeatedly to a word from a caretaker, which allows the infant to form a memorized template of the sound.
Then, through training and changes in its growing body, the infant slowly starts to produce sounds that are more similar to the template [1] . Song development in birds is another remarkable example of vocal learning. Immature songbirds that initially only produce sounds that barely resemble songs (subsongs) start to produce more stereotyped sounds (plastic songs) and eventually produce fully mature songs. Not surprisingly, a song-learning theory similar to the classical speech-learning model has been very influential. The theory posits that young male songbirds acquire a template while listening to adult male tutor songs during a critical period for song acquisition. The juvenile uses this memorized acoustic template to guide his vocal development so that it forms a close match [2] . In a new study reported in this issue of Current Biology, Carouso-Peck and Goldstein [3] challenge this template model for song learning in zebra finches ( Figure 1A) . The zebra finch (Taeniopygia guttata) is by far the most studied songbird species, used to support the template model of vocal learning and its neural basis [2] . They are small, sexually dimorphic, gregarious but monogamous finches originating in Australia and Indonesia. Only male zebra finches sing and do so for mate attraction. They exhibit a well characterized songlearning behavior that unfolds in a relatively short time (90 days). The traditional description of zebra finch song development adheres to the template model and consists of three phases. In the sensory phase (25 to 60 days post-hatch) juvenile zebra finches memorize the song from an adult male tutor who serves as the template. In the sensorimotor phase (35 to 90 days post-hatch), the zebra finch begins to produce immature versions of his own song that -via a comparison to the templategradually converges to the sound of the tutor song. Finally, after 90 days, the song becomes stable (crystallization phase) and is strikingly similar to the tutor song.
Some challenges to this long-held theoretical framework come from the evidence that ongoing social interactions seem to influence vocal learning at each of these phases of learning. For instance, song learning in juvenile zebra finches is better if they are housed with females [4] , but is worse if housed with deafened females [5] . Moreover, social influence on attention modulates song learning in this species [6] . Despite their relevance, one common shortcoming of these studies is that it is hard to identify and control what aspect of the social interaction is relevant. Is it merely social facilitation or something more basic to learning theory -for example, reinforcement through contingent responses? Carouso-Peck and Goldstein [3] overcome this obstacle by designing a video-playback experiment to deliver precisely controlled, ethologically-relevant, visual stimuli to juvenile zebra finches during development.
Most models of song learning restrict the females' role to the choice of crystalized adult songs [7] . Nevertheless, given that female zebra finches in the wild are in contact with male juveniles, females should respond behaviorally to more mature song elements of juvenile songbirds. Then an obvious question is whether these responses have any role in song learning. Carouso-Peck and Goldstein [3] recorded videos of female fluff-upsan arousal display produced in response to adult male songs, where the female shakes her feathers. They then played back those fluff-up videos to juvenile zebra finches as a contingent response to producing songs with adult-sounding motifs. To control for stimuli, genetics, and environmental factors, Carouso-Peck [3] show that a feedback loop between young male zebra finch song production and female arousal display (fluff-up) is relevant to shape song learning (dotted box). Blue and red arrows indicate auditory and visual interactions, respectively. and Goldstein played the same video at the same time to another male from the same clutch. In this way, the control subject received the same stimuli, but the playback was not contingent on his song. The juvenile zebra finches that received visual feedback contingently on their immature song learned significantly more similar songs than did the controls.
This result is striking for several reasons. It is the first experimental demonstration that real-time social feedback can shape song learning in zebra finches. The effect of contingency is large; the performance of zebra finches that received contingent feedback is close to the optimal levels described in the literature and is twice the performance of the control. There is no difference in the rate of song bouts produced between the groups, which excludes the possibility that the difference is a consequence of motor practice [8] . Finally, the feedback signal is nonacoustic and from a female bird, neither of which are part of the template model ( Figure 1B) . Conversely, these new findings are consistent with what we know about the mechanisms of vocal learning in other species. In brown-headed cowbirds, female wing strokes contingent on juvenile male songs shape the development of those songs strongly enough to create geographical differences in song acoustics [9] . In humans, infant speech development is facilitated by vocal turn-taking with their parents [10] , whereby contingent maternal behavior upon infant utterances increases the production of mature voicing and syllable structure by the infant [11] . Similarly, in marmoset monkeys, contingent parental feedback speeds up their infants' vocal development [12] , and reduced parental interactions result in long-term and aberrant vocal output [13] . Now, Carouso-Peck and Goldstein [3] add the zebra finchthought to be the premiere model of vocal learning -to this short list of species for which real-time social feedback is known to shape vocal learning.
Understanding that social reinforcement is an important component of vocal learning also compels us to reconsider its neural basis. Guided by the template view, most studies searched for brain areas either related to memorization of templates, internally guided auditory comparisons between the memorized song and the produced song, or the correction of the mismatch between the template and juvenile's song [14] . By allowing dynamic control over the social stimuli, Carouso-Peck and Goldstein's study [3] opens up the possibility to additionally explore the neural basis of vocal learning by social reinforcement. Midbrain dopamine circuits are natural candidates to investigate given their relevance to reinforcement and multimodal learning in songbirds [6, 15] . Indeed, a recent study showed that dopamine neurons from ventral tegmental (VTA) area projecting to a specialized basal ganglia area (area X) of adult songbirds is responsible for externally reinforced pitch learning [16] . An intriguing hypothesis is that the visual feedback activates the same reinforcement learning circuitry in juvenile zebra finches. To test this hypothesis, a direct measurement of neural activity in the circuitry is necessary. Nevertheless, one can still measure the level of reinforcement indirectly by quantifying the number of arousal displays and correlate it with the learning performance, given that VTA dopaminergic neurons also modulate behavioral arousal [17] . As expected, Carouso-Peck and Goldstein's behavioral result supports this idea by showing that the overall learning performance positively correlates with the mean number of arousal behaviors exhibited by the juveniles (fluff-ups and beak wipes) [3] . Whether such a neural hypothesis holds remains to be seen, but the study by Carouso-Peck and Goldstein [3] at least suggests that studying vocal learning and its mechanisms still has a lot to teach us even in a well-studied species like the zebra finch.
